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1Introduction
, [9] Schr\"odinger $(s=1)$
Gevrey $(s\geq 1)$ .
Schr\"odinger .
(NLS) $\{$
$i\partial_{t}u+\Delta u=N(u, \nabla u,\overline{u}, \nabla\overline{u})$ , $(t,x)\in \mathbb{R}\cross \mathbb{R}^{N}$ , $N\geq 3$ ,
$u(0, x)=u_{0}(x)$ , $x\in \mathbb{R}^{N}$ .
,
$N(u, v, \overline{u},\overline{v})=2\leq|\alpha|+|\beta|\leq \mathrm{t}\sum_{r\leq|\beta|\leq l},$
$\lambda_{\alpha\beta}u^{\alpha_{1}}\overline{u}^{\alpha_{2}}v^{\beta_{1}}\overline{v}^{\beta_{2}}$ ,
, $\lambda_{\alpha\beta},$ $l\geq 2$ . , $N=3,4$ $r\geq 1,$ $N\geq 5$ $r\geq 0$ .
Hayashi-Kato[3] KatO-Taniguchi[7] Schr\"o-
dinger . Hayashi-Kato $x\cdot\nabla$
Gevrey , $s(\geq 1)$ Gevrey ($s=1$
). , Kato-Taniguchi $t,$ $x,$ $u$ Gevrey ,
$x$ . Gevrey , $s(\geq 1)$ Gevrey .
, Hayashi-Naumkin-Pipolo [5] Schr\"odinger
. , , gauge , ,
(1) $N(e^{i\theta}u,$ $e^{i\theta}v,\overline{e^{\dot{l}\theta}u},\overline{e^{\dot{\iota}\theta}v})=e^{:\theta}\Lambda^{r}(u, v,\overline{u},\overline{v})$ for any $\theta\in \mathbb{R}$ and $u,$ $v\in \mathbb{C}$ ,
3 . Hayashi-Naumkin-Pipolo , $\mathrm{H}^{3,0}$
, ,







Schr\"odinger , Hayashi-Naumkin-Uchida [6] [5]
.
, Taniguchi [8] , [7] , Schr\"odinger




$\mathrm{H}^{m,p}=\{\phi\in \mathrm{L}^{p};||(1-\Delta)^{m/2}\phi||_{p}<\infty, m\in \mathbb{R}^{+}\}$ ,
. , $||\cdot||_{2}$ $||\cdot||_{m,2}$ $||\cdot||,$ $||\cdot||_{m}$
. $\partial^{\alpha}=\partial_{1}^{\alpha_{1}}\cdots\partial_{N}^{\alpha_{N}}$ , $|\alpha|=\alpha_{1}+\cdots+\alpha_{N}$ .
, $P$ . $P=x\cdot\nabla+2t\partial_{t}$
. $P$ (NLS) ,
(2) $\mathcal{L}P^{\nu}u=(P+2)^{\nu}N(u, \nabla u, \overline{u}, \nabla\overline{u})$,
. , $\mathcal{L}=i\partial_{t}+\Delta$ . ,
(3) $(P+1)^{\nu}\partial_{k}v=\partial_{k}P^{\nu}v$ ,




, $\epsilon$ . , $(\nu-1)!$ $\nu\geq 2$ $(\nu-1)!,$ $\nu<2$
1 , $\Omega$ $\Omega=(\Omega_{j,k})_{(1\leq k\leq N)},$ $\Omega_{j,k}=x_{j}\partial_{k}-x_{k}\partial_{j}$ . , $m$
$m\geq[N/2]+6$ , $a$ multi-index . , (NLS)
$u\in C(\mathbb{R};\mathrm{H}^{m})$ , $u$ ,
(4) $\sum_{\nu=0}^{\infty}\frac{A^{2\nu}}{(\nu-1)!^{2s}}||P^{\nu}u||_{m,0}^{2}\leq C\epsilon^{2}$ .
.
45
12( ). $u$ 1 , 1.1 (NLS) . $t\neq 0$
,
$||a(x)^{|\mu|+2\kappa_{1}} \partial_{t}^{\kappa_{1}}\partial^{\mu}u||_{\mathrm{H}^{m}}\leq C_{17}|t|^{-\kappa_{1}}\max\{1, |t|^{-|\mu|-\kappa_{1}}\}A_{3}^{|\mu|}A_{8}^{|\mu|+\kappa_{1}}A_{9}^{\kappa_{1}}(|\mu|+\kappa_{1})!^{s}$ ,
$C_{17},$ $A_{3},$ $A_{8}$ , A9 . , $\kappa_{1}\in \mathrm{N}\cup\{0\},$ $a(x)=\langle x\rangle^{-N}=$
$1/(1+|x|^{2})^{N/2},$ $\delta>0$ . , $\mu$ multi-index .
2 1J
, (NLS) . $t\mathfrak{l}\mathrm{h}t\in[0, \infty)$ . $t\in$
$(-\infty, 0]$ . , (Hayashi -
MiaO-Naumkin [4] ). . ,
.
(LE) $\{$
$i\partial_{t}u+\Delta u=N(v, \partial_{1}v, \ldots, \partial_{N}v,\overline{v}, \partial_{1}\overline{v}, \ldots, \partial_{N}\overline{v})$ , $(t, x)\in[0, \infty)\cross \mathbb{R}^{N}$ ,
$u(0, x)=u_{0}(x)$ , $x\in \mathbb{R}^{N}$ .
, $\epsilon=||u_{0}||_{\mathrm{Z}_{m,A}}$ . $u=\Phi(v)$
.
$\mathrm{Y}_{m,A,\rho}=\{\phi\in C([0, \infty);\mathrm{L}^{2}(\mathbb{R}^{N}));||\phi||_{\mathrm{Y}_{m,A}}<\rho\}$ ,





. , $\Gamma=(P, \Omega, \Delta, 1),$ $=(Q, \Omega, \Delta, 1),$ $Q=x\cdot\nabla+2it\Delta,$ $\omega_{j}=\epsilon\langle x_{j}\langle t\rangle^{-\mu}\rangle^{-\mu}$
.











$\mathcal{L}u=f$ , $(t, x)\in[0, \infty)\cross \mathbb{R}^{n}$ ,
$u(0, x)=u_{0}(x)$ , $x\in \mathbb{R}^{n}$ ,
. $f=f(t, x)$ . ,
$S(\varphi)$ .
(7) $S( \varphi)=\prod_{j=1}^{n}S_{j}(\varphi_{j})$ .




(8) $\varphi_{j}(t, x_{j})=\epsilon^{2}\langle t\rangle^{-\sigma}\int_{-\infty}^{x_{\mathrm{j}}\langle t\rangle^{-\mu}}\langle y\rangle^{-2\mu}dy$ ,
. , $\mu=1/2+\sigma,$ $\sigma\in(0,1/8)$ .
, 2 . Hayashi-MiaO-Naumkin [4], Uchida [9]























(10) $\sum_{\nu=0}^{\infty}\sup_{t\in[0,\infty)}||\Gamma^{2}\partial_{l}^{m-4}\frac{A^{\nu}P^{\nu}}{(\nu-1)!^{s}}u(t)||^{2}\leq C\epsilon^{2}$ .
, . . , $\Phi$
$\mathrm{Y}_{m,A,\rho}$ $\mathrm{Y}_{m,A,\rho}$ . ,
, (NLS) .
3
, 12 (NLS) .
, KatO-Taniguchi [7], Taniguchi [8] . 5 .
48
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3.1. $u$ , (NLS) . , $t\neq 0$
,
(11) $||a(x)^{|\mu|} \partial^{\mu}P^{\nu}u||_{m}\leq C_{2}\max\{1, |t|^{-|\mu|}\}A_{2}^{|\mu|+\nu}A_{3}^{|\mu|}(|\mu|+\nu)!^{s}$,
$C_{2},$ $A_{2}$ , A3 . , $\nu\in \mathrm{N}\cup\{0\}$ , $\mu$ multi-index
. $a(x)$ , $a(x)=\langle x\rangle^{-N}=(1+|x|^{2})^{-N/2}$ .
$P$ (2) ,
$t\Delta P^{\nu}u=-iP^{\nu+1}u+i(x\cdot\nabla)P^{\nu}+2t(P+2)^{\nu}N(u, \nabla u,\overline{u}, \nabla\overline{u})$
. , $(x\cdot\nabla)$
, $a(x)$ . , $|\alpha|+|\beta|=2$
,
$(P+2)^{\nu}(vw)= \sum_{\nu=\nu_{1}+\nu_{2}+\nu_{3}}\frac{\nu!}{\nu_{1}!\nu_{2}!\nu_{3}!}P^{\nu_{1}}v(P+1)^{\nu_{2}}w$ ,
(3) . , 3.1 1.1 (4)
.
32. $u$ 3.1 . , $t_{7}\leq 0$ ,
(12) $||a(x)^{|\mu|+2\sigma} \partial^{\mu}(x\cdot\nabla)^{\sigma}P^{\nu}u||_{m}\leq C_{14}\max\{1, |t|^{-|\mu|-\sigma}\}A_{3}^{|\mu|}A_{4}^{|\mu|+\nu+\sigma}A_{5}^{\sigma}(|\mu|+\nu+\sigma)!^{s}$ ,
$C_{14}$ , A3, $A_{4},$ $A_{5}$ . , $\nu,$ $\sigma\in \mathrm{N}\cup\{0\}$ , $\mu$
multi-index .
. (12) , $\sigma+1$ ,
$[\partial^{\mu}, (x\cdot\nabla)]$ $=| \mu|\sum_{j=1}^{N}\partial_{j}\partial^{\beta}$ , for any multi-index $\beta$ with $\mu=\beta+\theta$ and $|\theta|=1$ ,
, 3.1 , , 32
.
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33. $u$ l 32 . , $t\leq 07$ ,
(13) $||a(x)^{|\mu|+2\sigma+2\kappa}(t \partial_{t})^{\kappa}\partial^{\mu}(x\cdot\nabla)^{\sigma}u||_{m}\leq C_{15}\max\{1, |t|^{-|\mu|-\sigma-\kappa}\}$
$\cross A_{3}^{|\mu|}A_{5}^{\sigma}A_{6}^{|\mu|+\sigma+\kappa}A_{7}^{\kappa}(|\mu|+\sigma+\kappa)!^{S}$ ,
$C_{15},$ $A_{3},$ $A_{5},$ $A_{6},$ $A_{7}$ . , $\sigma,$ $\kappa\in \mathrm{N}\cup\{0\}$ , $\mu$
multi-index .
, $P$ ,
(t l $= \frac{1}{2^{l}}\sum_{l_{1}+1_{2}=l}\frac{l}{l_{1}!l_{2}!}(x\cdot\nabla)^{l_{1}}P^{l_{2}}$
. (13) , 32
. , 33 .
34. $u$ l 33 . , $t_{\overline{\tau}}\leq 0$ ,
(14) $||a(x)^{|\mu|+2(\kappa_{1}+\kappa_{2})} \partial_{t}^{\kappa_{1}}(t\partial_{t})^{\kappa_{2}}\partial^{\mu}u||_{m}\leq\frac{C_{16}}{|t|^{\kappa_{1}}}\max\{1, |t|^{-|\mu|-\kappa_{1}-\kappa_{2}}\}$
$\cross A_{3}^{|\mu|}A_{7}^{\kappa_{2}}A_{8}^{|\mu|+\kappa_{1}+\kappa_{2}}A_{9^{1}}^{\kappa}(|\mu|+\kappa_{1}+\kappa_{2})!^{s}$ ,
$C_{16},$ $A_{3},$ $A_{7},$ $A_{8},$ $A_{9}$ . , $\kappa_{1}\kappa_{2}\in \mathrm{N}\cup\{0\}$ , $\mu$
multi-index .
$\kappa_{1}=j$ , (14) . , $\kappa_{1}=j+1$
$t^{j+1}\partial_{t}^{j+1}(t\partial_{t})^{l}=t^{j}[t, \partial_{t}^{j}]\partial_{t}(t\partial_{t})^{l}+t^{j}\partial_{t}^{j}(t\partial_{t})^{l+1}$
$=-jt^{j}\partial_{t}^{j}(t\partial_{t})^{l}+t^{j}$ ’j(t l+lfor $j<l,$ $j,$ $l\in \mathrm{N}$ ,
, 33 . ,
, 3.4 .
35. $u$ 1 3.4 . , $t_{\overline{7}}\underline{\angle}0$ ,
(15) $||a(x)^{|\mu|+2\kappa_{1}} \partial_{t}^{\kappa_{1}}\partial^{|\mu|}u||_{m,0}\leq\frac{C_{17}}{|t|^{\kappa_{1}}}\max\{1, |t|^{-|\mu|-\kappa_{1}}\}A_{3}^{|\mu|}A_{8}^{\kappa_{1}+|\mu|}A_{9}^{\kappa_{1}}(|\mu|+\kappa_{1})!^{s}$,
$C_{17},$ $A_{3},$ $A_{8}$ , A9 . , $\kappa_{1}\in \mathrm{N}\cup\{0\}$ , $\mu$ multi-index
.
3.4 $\kappa_{2}=0$ . , 12 .
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